Specifications tableSubject areaEngineeringMore specific subject areaEnvironmental monitoring for occupational health, mining engineeringType of dataTable (i.e., summary of 50 + variables); graphs (i.e., particle size distributions for each mineralogy class by mine, sampling location); descriptive information on methods including necessary tables/figures is also provided (e.g., to describe digestion solutions).How data was acquiredParticle size and mineralogy distribution: this was done by SEM-EDX using an FEI Quanta 600 FEG environmental SEM (FEI, Hillsboro, OR) equipped with a Bruker Quantax 400 EDX spectroscope (Bruker, Ewing, NJ)\
Potentially bioaccessible and total acid-soluble metal and trace element concentrations: the digestate solutions were analyzed by ICP-MS using a Thermo Electron X Series instrument (Thermo Fisher Scientific, Waltham, MA).Data formatRaw and analyzedExperimental factorsRespirable samples were collected onto polycarbonate filters. SEM-EDX work was performed directly on the filter media after sputter-coating with Au/Pd. For the metals and trace elements analysis, dust was removed from the filters by sonication, and then digested in simulated lung fluid and then strong acid.Experimental featuresParticle size and mineralogy distribution: Data in the supramicron ranges was collected using a computer-controlled SEM-EDX routine, which we have already described in detail elsewhere (see [@bib5]). Data in the submicron range was collected by manual SEM-EDX, and the method is described in detail here and summarized in the companion article. Data was merged across the two size ranges by normalizing particle counts on a unit of analyzed-filter-area basis.\
Potentially bioaccessible and total acid-soluble metal and trace element estimated concentrations: the digestion to determine potentially bioaccessible elements used for this work was adapted from a published method [@bib6], and that used for total acid-soluble elements is adapted from ASTM [D7439-14](astm:D7439){#intref0010}[@bib8]. We provide a detailed description of the entire method for our samples in the current article.Data source locationSamples were collected in 3 distinct regions of Appalachia. We are under non-disclosure agreements with industry partners to keep actual mine identities anonymous, but have published the general locations and mine descriptions (see [@bib2]).Data accessibilityWithin this article.Related research articleRef [@bib1]: E. Sarver, C. Keles, M. Rezaee, Beyond conventional metrics: comprehensive characterization of respirable coal mine dust, Int. J. Coal Geol. 207 (2019) 84--95. <https://doi.org/10.1016/j.coal.2019.03.015>.**Value of the data**•This dataset represents a comprehensive characterization of respirable coal mine dust.•The data may inform a ranged of stakeholders interested in respirable dust, including those in industry such as mine operators and miners; those in the health sciences including epidemiologists, toxicologists and pathologists; and those in engineering and technology development for dust controls and protections.•The additional value of the data is that the specific dust characteristics included here have not been widely reported elsewhere in the literature.

1. Data {#sec1}
=======

This dataset includes 76 respirable coal mine dust samples, which were collected in five general locations of eight underground coal mines in Appalachia. Each sample represents a unique sampling event (i.e., specific sampling location in a specific mine). [Table 1](#tbl1){ref-type="table"} presents a summary of the particle size and mineralogy distribution results for each sample. For this summary, particles were binned into two primary size bins using their projected area diameter: very fine (i.e., \<400nm) and larger particles (i.e., 400--10,000nm). Particles were binned into six mineralogy classes (i.e., carbonaceous, alumino-silicates, silica, carbonates and heavy minerals, or "other"). [Fig. 1](#fig1){ref-type="fig"} presents more detailed size distribution data by mine and sampling location.Table 1Summary of particle characteristics for 76 respirable coal mine dust samples. Samples are ordered by mine region (i.e., MCA = mid-central Appalachia, NA = northern Appalachia, SCA = south-central Appalachia), mine number (i.e., 1--8), sampling location (i.e., I = intake, R = return, P = production, B = bolter, F = feeder). Mineralogy classes are C = carbonaceous, AS = alumino-silicates, S = silica, CB = carbonates, HM = heavy minerals, O = other.Table 1Sample% of particles in size and mineralogy classCASSCBHMOTotalNo.Reg.MineLoc.Very fineLargerVery fineLargerVery fineLargerVery fineLargerVery fineLargerVery fineLargerVery . 1Cumulative particle size distributions for a) the entire analyzed size range and b) for \>400nm particles. Data are shown for each mineralogy class and presented by mine (left) and sampling location (right). Since the number of samples from each location varied by mine, results were averaged for each location in each mine (i.e., n = 39). To generate these plots, 100-nm wide bin sizes were considered. Reproduced from the companion research article [@bib1].Fig. 1

[Table 2a](#tbl2a){ref-type="table"}, [Table 2b](#tbl2b){ref-type="table"}, [Table 2c](#tbl2c){ref-type="table"}a--c present a summary of the estimated concentrations for potentially bioaccessible or total acid-soluble elements. Elements included in this analysis were Mg, Al, Si, K, V, Cr, Fe, Mn, Co, Ni, Cu, Zn, As, Se, Sr, Ag, Cd, Sn, Ba, Pb, and U.Table 2aSummary of potentially bioaccessible and total acid-soluble Mg, Al, Si, K, V, Cr, Fe estimated concentrations for 76 respirable coal mine dust samples. Samples are ordered by mine region (i.e., MCA = mid-central Appalachia, NA = northern Appalachia, SCA = south-central Appalachia), mine number (i.e., 1--8), sampling location (i.e., I = intake, R = return, P = production, B = bolter, F = feeder). Elemental concentrations are reported on dry mass basis (i.e., μg per g of respirable dust). Mass values represent dust (μg) recovered from filter. Elemental analysis could not be performed on samples 8 and 30 due to significant dust loss during sample preparation.Table 2aSamplepotentially bioaccessible (SLF) and total acid-soluble (total) mass concentration (μg/g)MgAlSiKVCrFeNo.Reg.MineLoc.MassSLFTotalSLFTotalSLFTotalSLFTotalSLFTotalSLFTotalSLFTotal1MCA1F17169612110741071153111356113567250725000551741976320492MCA1B3014340275149302547011536821399113581135800019111431070933MCA1I2485984859815761576001462514625000122913201068174MCA1R4366221586240013402644691440260660600002621588795MCA1B56993699332043204012468000002400006MCA1P2611338265613477443800000000270106657MCA1B23038837020312061027061024235944235941840381840380002626443015443018MCA2I------------------------------------------------------------ 2bSummary of potentially bioaccessible and total acid-soluble Mn, Co, Ni, Cu, Zn, As, Se estimated concentrations for 76 respirable coal mine dust samples. Samples are ordered by mine region (i.e., MCA = mid-central Appalachia, NA = northern Appalachia, SCA = south-central Appalachia), mine number (i.e., 1--8), sampling location (i.e., I = intake, R = return, P = production, B = bolter, F = feeder). Elemental concentrations are reported on dry mass basis (i.e., μg per g of respirable dust). Mass values represent dust (μg) recovered from filter. Elemental analysis could not be performed on samples 8 and 30 due to significant dust loss during sample preparation.Table 2bSamplepotentially bioaccessible (SLF) and total acid-soluble (total) mass concentration (μg/g)MnCoNiCuZnAsSeNo.Reg.MineLoc.MassSLFTotalSLFTotalSLFTotalSLFTotalSLFTotalSLFTotalSLFTotal1MCA1F178484331721727197192545254500002MCA1B30243215810102341366277776048205200003MCA1I200007045065000000004MCA1R433961274112645000000005MCA1B5001818670105461612367236700006MCA1P2136413641111728728000000007MCA1B2990454074104104460460122612260000008MCA2I------------------------------------------------------------ 2cSummary of potentially bioaccessible and total acid-soluble Sr, Ag, Cd, Sn, Ba, Pb, U estimated concentrations for 76 respirable coal mine dust samples. Samples are ordered by mine region (i.e., MCA = mid-central Appalachia, NA = northern Appalachia, SCA = south-central Appalachia), mine number (i.e., 1--8), sampling location (i.e., I = intake, R = return, P = production, B = bolter, F = feeder). Elemental concentrations are reported on dry mass basis (i.e., μg per g of respirable dust). Mass values represent dust (μg) recovered from filter. Elemental analysis could not be performed on samples 8 and 30 due to significant dust loss during sample preparation.Table 2cSamplepotentially bioaccessible (SLF) and total acid-soluble (total) mass concentration (μg/g)SrAgCdSnBaPbUNo.Reg.MineLoc.MassSLFTotalSLFTotalSLFTotalSLFTotalSLFTotalSLFTotalSLFTotal

2. Experimental design, materials, and methods {#sec2}
==============================================

2.1. Sample collection {#sec2.1}
----------------------

A total of 76 sets of respirable dust samples were collected in eight underground coal mines in mid-central (MCA, mines 1--4), northern (NA, mines 5 and 6), and south-central Appalachia (SCA, mines 7 and 8). The samples were collected in five key locations: intake airway (I), just outby of the primary production area (including the headgate of a longwall section) or along the mantrip track; feeder (F), near the feeder breaker or along the main conveyor belt; production (P), just downwind of an active continuous miner or near the midface of a longwall section (except for Mine 4); roof bolter (B), just downwind of an active bolter; and return airway (R), just outby of the primary production area (including the tailgate of a longwall section).

A detailed description of the mines and sampling protocol was previously reported [@bib2]. Briefly, all samples were collected using a small air pump with a 10-mm nylon Dorr-Oliver cyclone, which produces a d~50~ cut size of about 4 μm at the sampling flow rate of 1.7 L/min. Each sample set represents a unique sampling event, during which multiple replicate samples were collected simultaneously, over a continuous 2--4 hr period. One sample from each set is included in the analysis described here. These samples were collected directly onto 37-mm polycarbonate filters (PC, track-etched with 0.4 μm pore size).

Although the PC filters used in this study are expected to have very high overall collection efficiencies for the particle size range studied here (e.g., see [@bib3], [@bib4]), at least some penetration of very fine particles likely occurred. Surface collection efficiencies were probably impacted more. For example, others have previously observed that PC filters (0.29 μm pore size, 1L/min sample flow rate) had surface collection efficiencies of 22, 42 and 83% for 75, 133, and 237nm particles, respectively [@bib4]. Results reported in [Table 1](#tbl1){ref-type="table"} and [Fig. 1](#fig1){ref-type="fig"} should be viewed accordingly.

As described in the companion research article [@bib1], a 9-mm circular subsection was cut from the center of each PC filter sample and prepared for particle distribution analysis by sputter-coating with Au/Pd; and the rest of the filter was used for the metals and trace elements analysis.

2.2. Particle distribution analysis {#sec2.2}
-----------------------------------

The particle distribution analysis was conducted in two phases: supramicron and submicron. The supramicron analysis was performed using a computer-controlled SEM-EDX routine, which has been described elsewhere [@bib5], and the results were previously reported in another research article [@bib2]. The submicron analysis was performed using manual SEM-EDX, which is described in detail below. Both phases of analysis were done using the same instrumentation and software, a FEI Quanta 600 FEG environmental SEM (FEI, Hillsboro, OR) equipped with a Bruker Quantax 400 EDX spectroscope (operated in backscatter mode) and Esprit software (Version 1.9) (Bruker, Ewing, NJ). [Table 3](#tbl3){ref-type="table"} highlights key features of each analytical routine.Table 3Description of sub- and supramicron particle analysis routines using SEM-EDX.Table 3FeatureSubmicron AnalysisSupramicron AnalysisMethodManualComputer ControlledMagnification20,000x1,000xSpot size46.5Voltage (kV)1015Working distance (mm)12.512.5\# Frames/sample, range17--18910--157\# Frames/sample, average6933\# Particles/frame, max750\# Particles/sample, range83--31561--500\# Particles/sample, average236489Diameter (nm)∼100--1000∼1000--10,000Classification byElemental spectral peak heights (Cps/eV)Atomic % determined from elemental spectral peak ratios (only considering C, O, Al, Si, Ca, Mg, Fe, Ti)Typical particle typesC = diesel particulates, coal dustC = coal dustAS = clay mineral dustAS = clay mineral dustS = silica dustS = silica dustCB = carbonate mineral dustCB = carbonate mineral dustHM = not often possible to identifyHM = metal sulfide/oxide dust

In both phases of analysis, individual particles were selected for analysis. While filter overloading was not generally an issue, care was taken to only select non-aggregated particles (i.e., distinct from neighboring particles). This approach served to minimize interference between particles for elemental analysis, but does assume that the distribution of non-aggregated particles on the sample filters is representative of the overall particle distribution. For each particle, two main types of data were collected: (1) dimensions, and (2) the elemental spectra. The dimensions were used to determine particle projected area diameters. The spectral peak heights (or their resulting atomic ratios) were used to classify particles by their mineralogy. Classification criteria for supramicron particles into five defined mineralogy classes (i.e., C = carbonaceous, AS = alumino-silicates, S = silica, CB = carbonates, HM = heavy minerals) were previously described [@bib5]. Those criteria were developed and verified using particles from high-purity or known materials. Any particles that did not meet the criteria for one of the five defined classes was binned into a class called "other" (i.e., O).

The classification criteria were adapted ([Table 4](#tbl4){ref-type="table"}) and verified ([Table 5](#tbl5){ref-type="table"}) for analysis of submicron particles, using a similar approach. It should be noted that submicron particles in the C class may include both carbonaceous (i.e., coal) dust and diesel particulates, which can sometimes be identified based on their characteristic morphology (e.g., as shown in [Fig. 2](#fig2){ref-type="fig"}).Table 4Classification criteria for each defined mineralogy category used in the sub- and supramicron particle analysis. (Supramicron criteria were previously published [@bib5]). The values represent minimum raw spectral peak heights (Cps/eV) for the manual submicron analysis and minimum atomic percentage for the automated supramicron analysis under the SEM-EDX instrument settings noted in [Table 3](#tbl3){ref-type="table"}. Reproduced from the companion research article [@bib1].Table 4ElementSubmicron (Cps/eV)Supramicron (Atomic %)CASSCBHMCASSCBHMCarbon≥48--------\>74\<85\<86\<85--OxygenNot included\<29\>13\>15\>15\>12Aluminum--≥0.5------\<0.3\>0.2\<0.2----Silicon--≥0.5≥0.2--\<0.5\<0.3\>0.2\>0.5----Calcium/Magnesium------≥0.3--\<0.3----\>0.5--Iron/Titanium/Aluminum--------≥0.5--------\>0.5Table 5Classification results on submicron particles in respirable dust samples generated in the laboratory using high-purity or known materials. Results are shown for particles both above and below the 400nm threshold used to delineate very fine and larger particles in this work. The coal material was known to have some mineral content associated with it; analysis on a −325 mesh (i.e., −44 μm) bulk sample of the material showed about 10% ash by mass, and mineral content is expected to concentrate in finer size fractions. Reproduced from the companion research article [@bib1].Table 5Dust Source MaterialClassification CategoryCASSCBHMOther\<400≥400\<400≥400\<400≥400\<400≥400\<400≥400\<400≥400Coal74%63%26%37%0%0%0%0%0%0%0%0%Shale3%0%88%88%9%13%0%0%0%0%1%0%Rock Dust1%0%15%14%0%0%84%84%0%0%0%2%Quartz0%0%6%8%93%90%0%0%0%1%1%0%Kaolinite9%0%90%89%0%0%0%5%1%5%0%0%Calcite3%3%2%0%0%0%92%97%2%0%2%0%Fig. 2Examples of DPM particles in dust samples from several mines. In some cases, DPM can be identified by its characteristic morphology of chains or clusters of ultrafine carbon spheres. Images in the upper panel were collected at the 20,000x standard magnification used for the manual SEM-EDX work to characterize submicron particles. Images in the lower panel were collected at 30,000x (left), 40,000x (middle) and 100,000x (right).Fig. 2

The manual submicron particle analysis proceeded as follows:•Initially, the SEM stage was moved to the center frame (i.e., in the center of the sample). Analysis began at the center frame and then proceeded through subsequent frames respectively (from frame 1 to 45, see [Fig. 3](#fig3){ref-type="fig"}) to ensure particle selection across a wide area. At 20,000x magnification, each frame was approximately 139 μm^2^ (12.67 μm × 10.96 μm) and the frames were spaced 1 mm apart.Fig. 3Frame positions for manual SEM-EDX analysis of submicron particles on a 9-mm subsection of a filter sample.Fig. 3•In each frame, seven particles were analyzed. The first four were in the upper left quadrant of the frame; and the last three were in the lower right quadrant (see [Fig. 4](#fig4){ref-type="fig"}). This means that the maximum number of particles selected for analysis was 315 (i.e., 7 particles per frame by 45 frames). For each particle, the long and intermediate dimensions were measured, and then EDX elemental spectral peak heights (cps/eV) were recorded for the following elements: C, Al, Si, Ca, Mg, Fe, Ti, S, K, Na, P, Cr, Ni, Cl, Mn, Cu, Zn, Pb, Hf, Co, and F. Using these peak heights, the particle could be binned into one of the five defined mineralogy classes (i.e., C, AS, S, CB, HM per [Table 4](#tbl4){ref-type="table"}) or into the O class.Fig. 4Illustrative example of analysis in upper left and lower right quadrants of an SEM-EDX frame for submicron particle analysis. In this particular frame, the seven circled particles would be selected for analysis.Fig. 4•If particle loading on the sample was relatively light, the upper right and lower left quadrants in each frame were used to identify additional particles (i.e., up to the maximum of 7 per frame). Further, more frames were analyzed beyond the 45 shown in [Fig. 3](#fig3){ref-type="fig"} if necessary; in this case, frames were located equidistant between the those identified in [Fig. 3](#fig3){ref-type="fig"} and analysis proceeded following the same pattern.

Following completion of both the sub- and supramicron particle analysis, the resulting datasets were merged to allow description of particle distributions across the entire size range ([Fig. 1](#fig1){ref-type="fig"}). This was done by normalizing both datasets on the basis of particles per analyzed-filter-area. Finally, the data were split into the very fine (i.e., \<400nm) and larger particles (i.e., 400--10,000nm) bins included in [Table 1](#tbl1){ref-type="table"}.

2.3. Metals and trace elements analysis {#sec2.3}
---------------------------------------

Following is a detailed description of the method used to prepare and analyze respirable coal mine dust samples to determine mass concentrations of potentially bioaccessible and total acid-soluble metals and trace elements. The method involved two sequential digestions of each dust sample, the first in a simulated lung fluid (SLF) and the second in a strong acid solution. It is noted that the term "total acid-soluble" used here refers to the total mass concentration of each element that could be dissolved via both digestions. Because the strong acid digestion did not employ hydrofluoric acid (HF), it is also noted that some elemental concentrations (i.e., particularly Si and Al) could be underestimated.

First, dust was recovered from each PC filter remnant (i.e., following removal of the 9-mm subsection used for SEM-EDX work):•Each filter remnant was weighed to establish a pre-weight prior to dust removal.•Each filter was then placed into a glass digestion tube and rinsed with 18 MΩ water. Enough water was added to fully submerse the filter. The tubes were then capped and sonicated for 1 hr, followed by centrifuging for 10 min (@ 3000 rpm) to settle the dust. Tubes were then uncapped and water was evaporated in a clean oven (\@110 °C).•Dry filters were re-weighed to determine recovered dust mass. For the purpose of estimating elemental concentrations in the current study ([Table 2a](#tbl2a){ref-type="table"}, [Table 2b](#tbl2b){ref-type="table"}, [Table 2c](#tbl2c){ref-type="table"}a--c), any dust mass measured as \<2 μg was assumed to be 2 μg to limit calculation of inordinately high concentrations.Next, SLF, which is sometimes called "Gamble\'s solution", was prepared per [@bib6]:•To prepare 1 L of SLF, the ingredients shown in [Table 6](#tbl6){ref-type="table"} were added (in listed order) to 1 L of 18 MΩ water, which was gently mixing by magnetic stirrer.Table 6SLF solution chemistry. All chemicals were reagent-grade or higher where available.Table 6AdditionChemicalFormulaConcentration/L1Ammonium chlorideNH~4~Cl535 mg2Sodium chlorideNaCl6780 mg3Sodium bicarbonateNaHCO~3~1770 mg4Sodium carbonateNa~2~CO~3~630 mg5Sodium dihydrogen phosphate monohydrateNaH~2~PO~4~·H~2~O166 mg6Sodium citrate dihydrateNa~3~-citrate·2H~2~O59 mg7GlycineC~2~H~5~NO~2~450 mg8Sulfuric acidH~2~SO~4~51 mg (27.7 μL)9Calcium chloride dihydrateCaCl~2~·2H~2~O29 mg•The solution was then placed in a water bath (constant 37 °C), and the pH was adjusted to 7.4 using trace-metal grade HCl.•The SLF solution was added to each digestion tube containing dry dust, as well as tubes prepared as matrix and blank samples. The SLF solution volume was determined using a 1/50,000 solid (i.e., dust) to SLF liquid ratio per [@bib7]. They recommend a ratio between 1/500 and 1/50,000 for experiments to estimate bioaccessibility of metals. Since the dust samples available for this study generally had low weights (i.e., below 1 mg), and at least 5 mL of solution is required for the ICP-MS elemental analysis, the maximum recommended solid to SLF liquid ratio was adopted.•The tubes were capped and placed in the sonication bath for 24 hours (@ constant 37 °C), and then centrifuged for 10 min (@ 3000 rpm).•A 5 mL aliquot of the liquid was taken by syringe using a PTFE filter (0.1 μm pore size), to trap any remaining dust particles, and then the SLF digestate was added to an ICP tube and acidified to 2% (by volume) HNO3 using trace-metal grade acid.Then, a method modified from ASTM [D7439-14](astm:D7439){#intref0060} [@bib8] was used to digest the remaining dust from each sample (i.e., that not digested by the SLF) in a strong acid solution:•The PTFE filter used to trap dust from the SLF sample was placed back into the tube used for the SLF digestion. The filter and tube walls were then washed by pipetting a solution of 10% HNO~3~ (prepared with 18 MΩ water).•Under a fume hood, the tubes were positioned in a hot block (internal temperature @ 95 °C), covered with watch glass, and heated until completely dry.•Then 1.25 mL of concentrated HCl was added to each tube, and the tubes were again covered and placed back into the hot block for 15 min, followed by 5 min of cooling.•The above step was then repeated with 1.25 mL of concentrated HNO~3~.•Each tube was then diluted to a final volume of 25 mL with 18 MΩ water, taking care to wash down the sides of the tube and watch glass, and capped and shaken.•A 5 mL aliquot of the liquid was taken by syringe using a PTFE filter (0.1 μm pore size), to trap any remaining dust particles, and then the strong acid digestate was added to an ICP tube and acidified to 2% (by volume) HNO~3~ using trace-metal grade acid.

Finally, digestates from the SLF and strong acid digestions were analyzed by ICP-MS using a Thermo Electron X Series instrument (Thermo Fisher Scientific, Waltham, MA):•For each ICP run, at least 5 blank PC filters were prepared using both SLF and strong acid digestion procedures to allow for blank corrections. The SLF and strong acid solutions were also analyzed to allow matrix corrections.•ICP results (μg/L in the digestate solutions) were corrected and then transformed into dry dust concentrations (μg/g) using the dust mass recovered from each filter. The concentration determined from the SLF digestate is regarded as potentially bioaccessible; and the sum of the concentration from the SLF and strong acid digestates is regarded as total acid-soluble concentration. It is noted that, due to relatively low sample masses for the current dataset, results in [Table 2a](#tbl2a){ref-type="table"}, [Table 2b](#tbl2b){ref-type="table"}, [Table 2c](#tbl2c){ref-type="table"}a--c should be regarded as estimated concentrations.•The elements that were measured by ICP-MS and reported here are listed in [Table 7](#tbl7){ref-type="table"} with their respective method reporting level (MRL) in the ICP solution. These limits are based on the calibration curve for each element, which is generated using a series of standard solutions. The limits of detection are generally about one order of magnitude lower. (Note that other elements, including Ca, Na, P, Ti, S and Cl, can be measured by ICP-MS, but were not included in the analysis presented here due to significant interferences from the digestion solutions.) In addition to ICP-MS calibration prior to sample analysis, check standards and blank samples were run between every set of 10 samples analyzed to ensure that there was no significant instrument drift or carryover contamination between samples.Table 7MRLs for elements included in ICP-MS analysis.Table 7MRL (μg/L)ElementMRL (μg/L)Element0.05U5Se0.1Co, Ni, Ag10Fe, Mg, Si, Sr, V, Zn0.5As50Ba1Al, Cd, Cr, Cu, Pb, Mn100K
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